a b s t r a c t
The symptoms of schizophrenia involve profound dysfunction of the prefrontal cortex (PFC). PFC networks create our "mental sketch pad", and PFC dysfunction contributes to symptoms such as cognitive deficits, thought disorder, delusions and hallucinations. Neuropathological studies of schizophrenia have shown marked loss of dendritic spines in deep layer III, the sublayer where PFC microcircuits reside. The microcircuits consist of recurrent excitatory pyramidal cell networks that interconnect on spines, and excite each other via NMDA receptor signaling. The pyramidal cell persistent firing is sculpted by lateral inhibition from GABAergic basket and chandelier cells, thus creating tuned, persistent firing needed for accurate representational knowledge (i.e., working memory). The strength of pyramidal cell network connections is markedly and flexibly altered by intracellular signaling pathways in dendritic spines, a process called dynamic network connectivity (DNC). DNC proteins such as HCN channels are concentrated on dendritic spines in deep layer III. Under optimal conditions, network inputs to pyramidal cells are strengthened by noradrenergic alpha-2A inhibition of cAMP-HCN channel signaling, and sculpted by dopamine D1-cAMP-HCN channel weakening of inappropriate inputs. However, with stress exposure, high levels of cAMP-HCN channel signaling produces a collapse in network firing. With chronic stress exposure, spines reduce in size and are lost, and this process involves increased PKC signaling. Importantly, molecules that normally strengthen PFC networks connections and/or reverse the stress response, are often genetically altered in schizophrenia. As exposure to stress is a key factor in the precipitation of schizophrenic symptoms, these dysregulated signaling pathways in deep layer III may interact with already vulnerable circuitry to cause spine loss and the descent into illness.
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Overview
Schizophrenia is associated with altered prefrontal cortical (PFC) circuits, arising from both developmental insults in utero (e.g., as discussed in this issue), and continuing in the mature brain, e.g., with waves of gray matter loss in late adolescence and adulthood (Vidal et al., 2006; Sun et al., 2008) (Fig. 1A) . Exposure to stress is a key factor in the precipitation of symptoms in adolescence and in subsequent exacerbation of symptoms (Breier et al., 1991; Nuechterlein et al., 1992; Miller et al., 2001; Dawson et al., 2010) , suggesting that the environment can interact with already vulnerable circuitry to aggravate cortical deterioration. The current review focuses on mechanisms that may contribute to PFC network weakening in young adulthood, and the signaling pathways that contribute to dendritic spine loss in response to stress.
We have discovered powerful intracellular signaling pathways that rapidly alter the strength of PFC network connections, a process * Corresponding author.
E-mail address: amy.arnsten@yale.edu termed dynamic network connectivity (DNC) (Arnsten et al., 2010) . Sustained activation of protein kinase C (PKC) and cAMP signaling pathways during chronic stress exposure contributes to dendritic spine loss from layer III pyramidal cells, where DNC proteins are concentrated (Arnsten, 2009) . Deep layer III is also the site of PFC pyramidal cell recurrent connections (Kritzer and Goldman-Rakic, 1995; González-Burgos et al., 2000) , and the sublayer where spine loss is particularly evident in schizophrenia (Glantz and Lewis, 2000) . We posit that recurrent pyramidal cell network synapses are particularly fragile, and that genetic insults -although expressed globally -may have greater ramifications at this vulnerable site. Understanding the processes that modulate these synaptic connections may provide the opportunity to protect PFC gray matter and prevent the descent into severe illness.
Prefrontal cortical dysfunction in schizophrenia
The PFC guides behavior, thought and emotion using representational knowledge, a process often referred to as working memory (Goldman-Rakic, 1995) . This ability to represent, maintain and manipulate information that is no longer in the environment is 0736-5748/$36.00 © 2011 ISDN. Published by Elsevier Ltd. All rights reserved. doi:10.1016/j.ijdevneu.2011.02.006
